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Abstract. Malaria not only remains a leading cause of morbidity and mortality, but it also impedes socioeconomic
development, particularly in sub-Saharan Africa. Rapid and unprecedented urbanization, going hand-in-hand with often
declining economies, might have profound implications for the epidemiology and control of malaria, as the relative
disease burden increases among urban dwellers. Reviewing the literature and using a modeling approach, we find that
entomologic inoculation rates in cities range from 0 to 54 per year, depending on the degree of urbanization, the spatial
location within a city, and overall living conditions. Using the latest United Nations figures on urbanization prospects,
nighttime light remotely sensed images, and the “Mapping Malaria Risk in Africa” results on climate suitability for stable
malaria transmission, we estimate that 200 million people (24.6% of the total African population) currently live in urban
settings where they are at risk of contracting the disease. Importantly, the estimated total surface area covered by these
urban settings is only approximately 1.1–1.6% of the total African surface. Considering different plausible scenarios, we
estimate an annual incidence of 24.8–103.2 million cases of clinical malaria attacks among urban dwellers in Africa.
These figures translate to 6–28% of the estimated global annual disease incidence. Against this background, basic health
care delivery systems providing early diagnosis and early treatment and preventive actions through mother and child
health programs and the promotion of insecticide-treated bed nets for the rapidly growing numbers of the urban poor
must be improved alongside well-tailored and integrated malaria control strategies. We propose environmental man-
agement and larviciding within well-specified productive sites as a main feature for such an integrated control approach.
Mitigation of the current burden of malaria in urban African settings, in turn, is a necessity for stimulating environ-
mentally and socially sustainable development.

INTRODUCTION

Malaria is responsible for an estimated 300–500 million
clinical attacks globally, and >1 million deaths each year
mainly among children less than five years of age living in
sub-Saharan Africa. The disease accounts for an estimated
loss of 44.7 million disability adjusted life years (DALYs),
more than 80% of which are currently concentrated in sub-
Saharan Africa.1 In the absence of effective intervention
strategies and the rapid spread of drug resistance, the number
of malaria cases might double over the next 20 years.2 Acute
febrile illness, chronic debilitation, complication of preg-
nancy, and impairment of the physical development and
learning ability of children are typical consequences of ma-
laria, and represent a huge negative social impact in the high
burden areas.3 Furthermore, the macroeconomic toll is se-
vere, particularly in sub-Saharan Africa, since malaria may
cost more than one percentage point of economic growth
every year.4

The demographic changes that we experience today are
profound. Rapid urbanization alters the frequency and trans-
mission dynamics of malaria, with significant effects on dis-
ease-associated morbidity and mortality, which in turn has
important implications for control.5,6 At present, the least
developed countries experience the highest urbanization
rates, often in the range of 2–6% per year.7 Until recently,
urban development was generally believed to reduce the risk
of vector breeding, and thus malaria transmission. However,
many African countries have declining economies, and most
cities are struggling to cope with the pace and the extent of
urbanization. Poor housing and lack of sanitation and drain-
age of surface water can increase vector breeding and human
vector contact, and thus pose unique challenges for control.8,9

Furthermore, the adaptation of malaria vectors to urban ar-
eas has been well documented for at least two decades,10 and
local transmission has been conclusively demonstrated in

many African cities.6 An additional problem on the human
side is that a high proportion of the urban population may be
at risk of severe disease due to delayed acquisition or lack of
protective immunity.

Quantitative assessment of the malaria burden in urban
areas together with information on socially and environmen-
tally sound and cost-effective intervention strategies are ur-
gently required. These data will provide a rational basis for
the design, implementation, and monitoring of malaria con-
trol programs.11 Especially in urban environments a high de-
gree of heterogeneity is observed: urban dwellings typically
offer a relatively narrow spectrum of focal breeding sites.
These sites are often straightforward to identify and to access,
providing opportunities to spatially targeting interventions.12

A great impact on urban malaria could be achieved by elimi-
nating key risk sites. Consequently, techniques of environ-
mental management, particularly surface water management,
within the frame of an integrated control approach, offer po-
tentially sustainable methods to substantially reduce trans-
mission.

The purpose of this paper is to assess and quantify the
current burden that malaria imposes on urban Africa and to
propose mitigation strategies. In the first section, we review
urban development in Africa over the past 50 years and high-
light key predictions for the next 30 years. We then develop
methodologies for estimating the surface area and the num-
ber of people living in African cities that are at risk of malaria
transmission, employing the latest United Nations (UN) fig-
ures on urbanization prospects, results from the “Mapping
Malaria Risk in Africa” (MARA) network on climate suit-
ability for stable malaria transmission, and nighttime lights
satellite images. We provide a systematic review of the pub-
lished literature on malaria prevalence and entomological in-
oculation rate (EIR), including new estimates of EIR in ur-
ban African settings. We describe the key malaria vectors and
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their habitats. In an attempt to estimate the total number of
annual malaria cases in urban Africa, we examine the rela-
tionship between EIR and annual malaria incidence. We link
these data with the number of people living in varying urban
environments and characterized by distinct EIR. The last sec-
tion discusses issues in strengthening current control pro-
grams, by using an integrated approach consisting of early
diagnosis and prompt treatment and the distribution of insec-
ticide-treated bed nets (ITNs) as the backbone, coupled with
environmental management, as a key feature to mitigate the
current burden of malaria in urban African settings.

URBANIZATION IN AFRICA

The classification of urban environments is by no means
uniform. Urban communities may be defined by physical bor-
ders, population size, geographic limits associated with ad-
ministrative responsibilities, or governance.13 In Botswana,
for example, urban areas are defined as agglomerations of
5,000 or more inhabitants, with the majority depending on
non-agricultural activities. In Ethiopia, however, localities of
2,000 or more people are classified as urban, and in Malawi all
townships, town planning areas, and all district centers are
defined as urban.14 Usually inhabitants at the urban fringe are
not included in the urban statistics because they are not part
of a legally proclaimed area, although these areas often ex-
perience the highest population growth rates.

In Africa, many cities were developed as colonial adminis-
trative or trading centers rather than industrial and commer-
cial zones equipped to support large populations. Urban au-
thorities have often been unable to keep up with the rapid
growth of squatter communities and shantytowns. Further-
more, stagnating and declining economies have often led to a
decrease in the quality of the urban environment and dete-
rioration in both the quality and distribution of basic services,
including housing and medical facilities. As a result, urban
environments exhibit significant spatial variation in their de-
velopment level. Well-developed city centers are often sur-
rounded by underdeveloped and inadequately serviced settle-
ments supporting a large fraction of the population.

To date, the African continent is considerably less urban-
ized when compared with the rest of the world. For example,
in the year 2001 urban dwellers in East Africa accounted for
only 25% of the population (Table 1), compared with 70%
and above elsewhere in the world. Current estimates by the
UN predict that half of the African population will live in
urban settings by the year 2025, and that the percentage will

further increase to 52.9% or 787 million in 2030.7 In contrast,
the rural population will experience a slower growth: from
498 million in 2000 (52.8%) to an expected 702 million in 2030
(47.1%). There are two underlying reasons. First, there are
strong rural-urban economically driven migrations with
people seeking education and job opportunities outside sub-
sistence farming. Second, rural settlements have evolved into
small or medium size cities. In 1950, there was not one single
megacity (defined as places with �750,000 inhabitants) on the
African continent. Fifty years later there were 43 megacities,
already harboring 11.9% of the African population. It is es-
timated that in 2010 more than 100 cities on the African con-
tinent will have a population of at least 500,000, and more
than half of them will be inhabited by more than one million
people.7

MATERIALS AND METHODS

Urban population estimates in malaria endemic areas. We
calculated the total number of urban dwellers living in Afri-
can countries that are endemic for malaria, using the MARA
map on the predicted suitability of malaria transmission in
Africa, and the most recent UN data on urban populations.7

Based on population density maps we have included Chad,
Kenya a Mali, and Niger in our estimate because their major
urban centers, namely N’Djamena, Nairobi, Bamako, and
Niamey, are located in areas where malaria transmission oc-
curs. We have added the urban population of Sudan because
new evidence suggests that focal malaria transmission has be-
come established in Khartoum.15 Approximately 74% of the
population is at risk of acquiring the disease.16 We have also
included the urban populations of Eritrea and Ethiopia be-
cause recent research has shown that malaria has become a
major public health problem with 92% and 40% of their
population, respectively, at risk.16,17

Surface estimates of malaria-endemic urban Africa. In the
absence of precise data on surface areas of urban Africa, we
used information on clusters of nighttime stable lights classi-
fied as human settlements as a proxy for urbanization. The
data was collected by the U.S. Air Force Defense Meteoro-
logical Satellite Program (DMSP) Operational Linescan Sys-
tem (OLS) during a six-month period between October 1994
and March 1995. The data are publicly available on the web-
site http://dmsp.ngdc.noaa.gov/html/download.html. The OLS
has a unique low-light imaging capability, which detects and
distinguishes lights from human settlements, wildfires, gas
flares, or fishing boats.

On average, only 41.5% of the urban housing units in ma-
laria-endemic Africa have electricity, ranging from as low as
39% in Côte d’Ivoire and Ghana, to a maximum of 92%
in Rwanda (http://www.afdb.org/knowledge/statistics/
statistics_indicators_gender/poverty/pdf/tab2_9.pdf). There
are further variations in the connection to the power grid
between and within cities. For example, in Tanzania, the per-
centage of households reporting connection to the power grid
in urban areas ranges from 19% to 45%. In addition, the
average African electricity use per capita was estimated to be
only 620 kilowatt-hours (kwH) in 1997, which corresponds to
only 30.2% of the world electricity use per capita and only
7.7% of the high income countries’ electricity use per capita

TABLE 1
African population in urban and rural areas and percentage

urban (2001)*

Major region

Total
population
(thousands)

in 2001

Rural
population
(thousands)

in 2001

Urban
population
(thousands)

in 2001
Percentage

urban

Eastern Africa 256,673 192,218 64,455 25.1
Western Africa 230,259 138,208 92,051 40.0
Northern Africa 177,390 89,908 87,482 49.3
Middle Africa 98,151 62,826 35,325 36.0
Southern Africa 50,129 22,699 27,430 54.7
Africa 812,602 505,859 306,743 37.7

* Source: United Nations, 2002.7
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(e.g., the electricity use per capita for the United States in
1997 was 11,700 kwH).18–20 Therefore, without any correction
factor, the use of nighttime light data as a proxy for African
urbanization would considerably underestimate surface areas.

On the basis of statistics on the distribution and consump-
tion of energy in Africa as discussed earlier, we propose to
multiply the surface estimates by factors equal to two and
three to obtain more reasonable figures for a lower and an
upper bond, respectively.

Entomologic inoculation rates, malaria prevalence, and
vectors in urban Africa. We generated a comprehensive da-
tabase on malaria transmission in urban and peri-urban Af-
rican settings, as expressed by EIR and malaria prevalence.
The EIR is defined as the number of infective bites per per-
son per time unit. Two previous papers have compiled EIRs
for urban and rural settings in sub-Saharan Africa.6,21 We
updated and extended these compilations by performing a
computer-aided systematic search of published work on ur-
ban malaria in Africa on MEDLINE® (U.S. National Library
of Medicine, Bethesda, MD) and consulting with representa-
tives from the MARA network on malaria prevalence data
across Africa. Although studies of malaria transmission in
urban areas date back more than 100 years, we have focused
on the last 25 years because older studies might not be rep-
resentative for the current situation. We only included data
from urban areas that have a population of 10,000 inhabitants
or more.

In many instances, we estimated EIRs from age-specific
malaria prevalence data using the mathematical model of the
Garki project.22 This method has been recently described by
Hagmann and others.23 Briefly, the Garki model is a dynamic
model for Plasmodium falciparum transmission and infection
that was originally fitted to data from Garki district in north-
ern Nigeria and collected as part of a major trial of indoor
residual spraying and mass chemoprophylaxis.24 The math-
ematical model22 treats the human population as made up of
individuals in each of seven distinct compartments defined by
infection and immunologic status and consists of an algorithm
for predicting the proportion of the human population at each
age in each of these compartments, as a function of the vec-
torial capacity C. It is defined by a set of difference equations
that specify the change in each of these proportions from one
time point to the next. Within this model, the EIR is approxi-
mated by the product C*y1, where y1 is the proportion of the
human population that is infective. To estimate the EIR from
community parasitologic survey data, the equilibrium age-
prevalence curves for the Garki model were estimated for
different values of C, using a golden section search routine to
locate the maximum likelihood estimate.25 Asymptotic 95%
confidence estimates were obtained by numerical estimation
of the Fisher information. This procedure gives minimum es-
timates of the EIR because the model was developed on the
assumption that none of the infections are treated. Infections
that are treated soon after becoming patent do not contribute
to the pool of prevalence in the community; thus they are
additional to those that contribute to the EIR estimate and
the true EIR is higher by a rate equal to the incidence of the
treated infections. We also implemented the simple version of
the model that assumes a constant vectorial capacity through-
out the year. This also leads to lower estimates of the EIR
than would be obtained if seasonal transmission was assumed.

We also reviewed the literature with regard to the main
malaria vectors and summarize their habitat preferences, par-
ticularly for the larval stages.

Annual malaria cases in urban Africa. For the estimation of
urban African malaria cases, we compiled data from the lit-
erature reporting both EIRs and annual malaria incidence
rates in children less than seven years old (calculated from
parasitologic survey data, and ideally including the propor-
tion of cases observed in health facilities) in urban or rural
settings in Africa. In two studies, EIRs were determined pre-
viously and published elsewhere.21 Only surveys conducted
over a period of at least nine months, and which classified
malaria as a febrile episode (usually defined as an axillary
temperature � 37.5°C) and detectable parasitemia were con-
sidered. We examined the relationship between EIR and an-
nual malaria incidence by plotting data from each site on
linear (incidence) and logarithmic (EIR) axes, and by per-
forming a linear regression analysis.

RESULTS

Population at risk and surface of malaria transmission in
urban Africa. Figure 1 depicts the malaria-endemic area of
Africa, using nighttime lights as a proxy for urban areas and
megacities. Table 2 presents selected key figures for the popu-
lation and surface area of Africa in general, and more spe-
cifically for its urbanized areas at risk of malaria transmission.
Our surface estimates based on data of nighttime lights im-
ages, corrected by factors of 2–3 show that urban areas in
Africa represent 1.7–2.6% of the total continent’s surface.
The estimated urban surface in Africa at risk of malaria trans-
mission is 330,500–492,800 km2, accounting for 1.1–1.6% of
the total surface area of Africa. At present, 96.8 million Af-
ricans live in 43 megacities, 28 of which are located in areas of
malaria transmission. The total surface area of these 28 mega-
cities calculated on the basis of their administrative bound-
aries covers only 0.08% of the total continent’s surface.

We estimate that 200 million people currently live at risk of
contracting the disease in urban Africa (24.6% of the total
African population).

Malaria prevalences, EIRs, and malaria vectors in urban
Africa. Table 3 presents a comprehensive summary of all
studies pertaining to urban and peri-urban malaria in Africa
that met our inclusion criteria. We further present the calcu-
lated EIR values (marked with *). We find that urban areas
are characterized by low malaria transmission. The EIR esti-
mates in city centers approach zero, indicative of very low
malaria transmission. In contrast, EIRs as high as 54 have
been found in peri-urban areas, depending upon rainfall pat-
terns, temperature, geographic location, and dominant land-
and water-use patterns. In close proximity to rice paddies in
Bouaké, Côte d’Ivoire, characterized by marshland and many
streams, an annual EIR of 126 was determined.26 Dispersion
of anophelines, was demonstrated to be low, with the large
majority of adult Anopheles gambiae collected within 200–300
meters from their main breeding sites.27,28 A recent, longitu-
dinal study in Kampala, Uganda has found a highly heterog-
enous malaria risk with proximity to breeding places as the
strongest predictor of clinical malaria.29

Malaria prevalence rates also show large variation. They
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may range from as low as 1% in city centers to more than
90% in suburbs. A high malaria prevalence of up to 50%
within all age groups was recorded in peri-urban areas of
Niamey, Niger during the rainy season30 compared with only
5% in the dry season. A study in Yaoundé, Cameroon re-

ported a high malaria prevalence, which could be explained
by urban aquaculture practice and house locations proximal
to wetlands.31 Any increase in transmission due to ecologic
transformation or climatic changes could therefore contribute
to malaria epidemics. As might be expected, comparative ap-
praisal of malaria prevalence rates in rural and urban settings
showed significantly higher rates in rural environments; up to
four-fold higher in some areas.28,32

Table 4 summarizes the key features of the five main
Anopheles species capable of transmitting malaria in urban
Africa, with particular emphasis on their larval habitat pref-
erences. Viable environmental control measures against ur-
ban vector breeding sites are also summarized in Table 4.
Prominent among them are land filling or drainage work,
flooding, or vegetation management.

Malaria incidence in urban Africa. Linear relationship be-
tween malaria incidence and EIR. We identified eight studies
(three urban and five rural data points) that met all our in-
clusion criteria. We assume that the relationship between
EIRs and incidence rates obtained from these data can be
applied to all age groups in urban settings. This might be
justified because all age groups are similarly susceptible to the
disease, which is in sharp contrast to rural settings where
children less than five years of age and pregnant women are
at highest risk of disease-attributable morbidity and mortal-
ity.33 The obtained data supported a linear relationship be-
tween malaria incidence and the logarithm of annual EIR

TABLE 2
Population and surface of Africa according to classifications of mega-

cities, urban areas, and malaria-endemic transmission areas (2001)

Geographic unit Population (millions)
Area (thousands

of km2)

Africa 812.6* 30,313
Malaria-endemic area 601.7 (741.0%)† 15,156 (50.0%)‡

Urban Africa 306.7 (37.7%)* 518.3–776.0
(1.7%–2.6%)§

Urban malaria-endemic
area

200.0 (24.6%)¶ 330.5–492.8
(1.1%–1.6%)§

Megacities# 96.8 (11.9%)* 60.6 (0.18%)**
Megacities malaria-endemic

area
60.5 (7.4%)†† 25.01 (0.08%)**

* Based on the UN World Urbanization Prospects, 2001.7

† Based on calculations given by Snow and others34 and the growth rate from UN World
Urbanization Prospects, 2001.

‡ The total area of endemic places was computed from MARA maps available at http://
www.mara.org.za.

§ Area estimated by nighttime satellite images (see Materials and Methods for further
details).

¶ Comparing population density maps and malaria transmission maps (urban inhabitants
excluding South Africa, Botswana, Namibia, northern Africa, Somalia, and Djibouti), as
described in the Materials and Methods.

# Defined as areas with 750,000 or more inhabitants.
** Area estimated from administrative boundaries from megacities.
†† All megacities excluding those located in northern Africa and South Africa.

FIGURE 1. African megacities, nighttime lights, and malaria-endemic areas
.
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TABLE 3
Malaria prevalence and entomologic inoculation rates (EIRs) in African cities

Study setting, period (reference) Sample size

Malaria prevalence EIR

Urban (%) Peri- urban (%) Urban (%) Peri- urban

Benin
Cotonou 198952 152 children 19.1 1.2* (Camp Guezo)
Cotonou 1989–1990,
200053

3,582 children 51.7–63.8 (seasonal
variations)

70.1–91.7
(seasonal
variations)

29 47

Burkina Faso
Ouagadougou, 198428 2,117 children 3–26 (6 sites) 1.2*
Ouagadougou, 198454 0 23
Ouagadougou55 0.3 12
Ouagadougou, 199356 290 individuals

(all age groups)
4

4,128 medical
observations

Bobo-Dioulasso 198557,58 0.1 4.6
Cameroon

Ebolowa, 1993–199559 206 children 30.9 1.2* 3.8 (well planned
suburb); 30
(densely
populated
suburb)

Edea, 199060

Limbe, 198761 407 children 33.1 1.8*
Yaoundé, 198662 336 children 9.2 1*
Yaoundé 1989–199031 960 individuals

(all age groups)
10 (February)–42

(May)
1.9*
3;13 (authors’

estimates)
Yaoundé 1989–199063 14–30
Yaoundé 1996–199764 576 children 52 3*

Congo
Talangai, Brazzaville

198065
125 children 22.4 1.3*

Brazzaville 1980–198266 555 schoolchildren
(5–14 years old)

9–80 (5 sites
with different degree
of urbanization)

1–7.7

Brazzaville 1982–198466 0.3–101
Lubumbashi, 199767 625 children 60.9 4.9

Côte d’lvoire
Bouaké City 199268 88 (market garden

districts), 126 (rice
field districts

Democratic Republic of the Congo
Kinshasa 198069 2,267 children 33 3.6
Kinshasa 198570 420 children 37 2.3*
Kinshasa 1988–198935 29 (poorly developed

sector)
Kinshasa 1989–199071 2.9

Ethopia
Nazareth 1988–198972 3,890 individuals in 4

surveys (all age groups)
1.1 4 0.9*

Gabon
Franceville 199473 109 children 43.9
Franceville 1993–199574 81
Libreville64 507 children 65 6.4*

The Gambia
Bakau 1988–198975 500 children 2 0.28
Bakau 199076 29 adults 17.2 1.3*

Ghana
Accra 197877 413 individuals (all age

groups)
1.4 0.9*

Nima, 1988–199078 506 children (6–15 years
old)

18 1.3*

Sunyani, 1988–199078 715 children (6–15 years
old)

21.3 1.2*

Ho, 1988–199078 451 children (6–15 years
old)

29.9 1.6*

Bolgatanga, 1988–199078 706 children (6–15 years
old)

39.7 2.1*

Guinea
Labe 198979 310 individuals (all age

groups)
16.7
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with r2 � 0.74 (Figure 2). The linear regression analysis fitted
to malaria incidence data obtained from community surveys
and EIR obtained in the same settings resulted in the follow-
ing equation: Annual malaria incidence (per 1,000) � 408
log10 (annual EIR) + 153.

Malaria incidence in different urban environments. The ur-
ban poor are found to face similar health risks when com-
pared with the general rural population. Poor people are at
increased risk both of becoming infected with malaria and of
becoming infected more often.16 According to recent evi-
dence, households characterized by extreme poverty and un-
satisfactory basic services account for more than 40% in Af-
rican cities (http://www.johannesburgsummit.org/html/
media_info/pressreleases_factsheets/wssd10_africa.pdf).
Therefore, we split the total urban African population in ma-
laria endemic areas (our estimate of 200 million) into 80 mil-
lion poor (40%) and 120 million (60%), living in more satis-
factory conditions. We divide the poor urban Africans into
two sub-groups according to their geographic origin. Ap-
proximately 10.5% of these (8.4 million) live in unstable,

fringe, or epidemic malaria transmission areas,34 which are
exposed to very low EIRs of approximately 0–1. The remain-
ing 89.5% (35.8 million) urban poor live in high malaria trans-
mission zones where, as we have summarized in Table 3, EIRs
range between 3 and 30 (e.g., Kinshasa35). Those 120 million
of urban Africans living in areas with adequate conditions,
thus at low malaria risk, are exposed to few infective bites per
year (Table 3), resulting in EIRs of 0–4.

With assistance of the estimated linear relationship and the
assigned EIR to the African population living in three dis-
tinctively different urban environments we estimate that
24.8–103.2 million malaria cases occur annually in urban Af-
rica. First, in the poor environments in low transmission ar-
eas, 0–1.3 million cases of malaria are likely to occur annually.
Second, 0–47.8 million malaria cases are expected to occur
among the 120 million residents of standard urban housing
areas in high transmission areas. Third, the largest number of
annual cases, namely 24.8–54.1 million, occurs in environ-
ments characterized by high malaria transmission and poverty
(Figure 3).

TABLE 3
Continued

Study setting, period (reference) Sample size

Malaria prevalence EIR

Urban (%) Peri- urban (%) Urban (%) Peri- urban

Guinea-Bissau
Bandim 199480 312 children 59 3.4*

Kenya
Kilifi town 1990–

199148
81 children 17.1 1.5

Madagascar
Antananarivo,

1995–199691
1,545 children

932 patients
0.8 (school group)

2.6 (patients)
Mozambique

Matola, 1994–199681 6,000 individuals (all age
groups)

33 (dry season)
63 (rainy season)

27

Matola, 1994–199582 3,199 individuals 5.4–59 (several sites) 0–20
Niger

Maradi 198583 182 individuals (all age
groups)

1.6 0.9*

Niamey 1992–199530 Not known 0–5 5–50
Nigeria

Ibadan, 1989–199184 1,345 children 22.6 (dry season) 6*
38.1 (rainy season)

Ibadan City 199485 343 students (14–19
years old)

8

Senegal
Pikine 1979–198145 296 children in 7 surveys 8.8 14
Dakar (Pikine

ancien) 1987–
198886

2,465 individuals (all age
groups)

3.8 0.12
0.9*

Dakar 1994–
199751,87

4,925 individuals (all age
groups)

1 0

Sudan
Khartoum 199515 4,614 samples (all age

groups)
3.7–5.5 (2 sites) 0.9*

United Republic of Tanzania
Dar es Salaam

1988–199688
6 primary schools 2.8 (February)

73 (September)
Ifakara 199989 15 54

Togo
Sokode 198690 707 children 37.2 1.9*

Zambia
Lusaka 1984–198532 423 children 2.4 (November)

10.3 (April)
* Estimated EIR (see Materials and Methods for further details).
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DISCUSSION

A better understanding of the dynamic process of urban-
ization, including urban risk factors for health, might lead to
the development of suitable health interventions and preven-
tive measures for the rising number of urban inhabitants. We
have presented an overview of urbanization trends in Africa
and the epidemiology of malaria in these settings. We esti-
mate that about 200 million urban dwellers are currently at
risk of malaria. These people are concentrated on a total
surface area of less than 500,000 km2, representing a maxi-
mum of 1.6% of the entire African continent. Consequently,
population density in these settings is high, with an average of
400 inhabitants/km2. We estimate that 24.8–103.2 million
clinical malaria episodes occur annually in urban settings that
are endemic for malaria. Since the current estimated global
malaria incidence is on the order of 300–500 million cases
annually, our estimates indicate that 6–28% of these cases
occur in urban African environments. The contribution of
malaria to social hardship and heavy economic losses result-
ing from high health care expenditures and loss of work pro-

ductivity are increasingly acknowledged.4 Our review also
shows that the epidemiology of malaria in the urban areas is
not fully comparable to what is well established for rural set-
tings. For example, urban malaria is characterized by much
greater heterogeneity, owing to the dynamic demographic
and environmental conditions. Consequently, understanding
the spatial and temporal pattern of urban malaria risk will
facilitate the design of well-tailored integrated urban malaria
control programs.

There is a large body of historical evidence about great
achievements of integrated malaria control in urban areas,
predating by several decades the advent and large-scale ap-
plication of DDT. Control measures were largely targeted at
the larval stages of malaria vectors by means of source reduc-
tion. Application of oil and larvicides on open water bodies
often complemented environmental control interventions.
For example, Kitwe, an urban mining site in Zambia’s cop-
perbelt (estimated population of 12,000 in 1930) benefited
from integrated malaria control, commencing in 1931 and sus-
tained for two decades. Extensive water management, (e.g.,
drainage of swamps, river boundary modifications) and larvi-
ciding, together with house screening, use of bed nets and
quinine administration to parts of the population were the
mainstay of control.36–38 The total costs for integrated ma-
laria control measures at Kitwe and three other Zambian
copper mining sites over a period of 20 years were US$ 11
million (expressed in 1995 US$). The interventions averted an
estimated 14,122 deaths and an estimated 517,284 malaria
attacks.38

Until World War II, integrated malaria control programs
with strong emphasis on environmental management were
successfully used in many malaria-endemic areas. Unfortu-
nately, these approaches virtually disappeared during the
global malaria eradication campaign in the 1950s and 1960s,
which heavily relied on DDT. Environmental concerns, the
high costs of repeated application of insecticides, and the de-
velopment and rapid spread of insecticide resistance have
stimulated renewed consideration of environmental manage-
ment within integrated control operations.39 Urban settings
are particularly appealing because of the focal and heteroge-
neous nature of malaria transmission.12,40 Recently devel-

FIGURE 2. Relationship between annual entomologic inoculation
rate (EIR) and incidence of malaria among children in African set-
tings. Sources: Vercruysse and others, 1983,45 Greenwood and others,
1987,46 Velema and others, 1991,47 Mbogo and others, 1993,48 Dela-
collette and Barutwanayo, 1993,49 Marbiah and others, 1998,50 Diallo
and others, 2000,51 and Hay and others, 2000.21

TABLE 4
Major African malaria vectors, possible urban habitats, and recommended environmental management strategies*

Anopheles species Preferred larval habitat Environmental management measures for control

An. gambiae s.s.

An. arabiensis
(widespread and abundant in all
Afrotropical countries)

Temporary small, shallow sunlit pools
without vegetation as rain pools,
overflow water, raodside ditches,
discarded containers, borrow pits,
footprints, tire tracks, open drains.
Garden wells, irrigation

Water and land management (water level
management, flooding, filling, grading,
drainage), provision of water supply and
sanitation, improvement of rainwater
collection, screening, mosquito proofing
of houses

An. funestus
(widespread and abundant in all
Afrotropical countries

Large, deep, cooler permanent bodies of
water with emergent vegetation as
lakeshore, impoundment, rivers, marshes

Vegetation management, drainage,
screening, mosquito proofing of houses

An. melas
(West African coastal swamps,
brackish pools Senegal to Angola)

Coastal brackish water, salt-water marshes
and lagoons

Water and land management, screening,
mosquito proofing of houses

An. merus
(East African coastal sandy areas,
mangroves and some inland areas where

brackish pools form: Somalia to South
Africa)

Coastal brackish water, salt-water marshes
and lagoons

Water and land management, screening,
mosquito proofing of houses

* Sources: Gimnig and others, 2001;92 World Health Organization (WHO), 1982;93 Mouchet and Carnevale, 1998;94 WHO, 1988.95
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oped malaria transmission models provide further evidence
that integrated control approaches, with multiple interven-
tions implemented simultaneously, are crucial for successful
malaria control because they suggest drastic reductions in
EIRs. They can also reduce malaria transmission by factors of
15–25, which is enough to alleviate mortality.41,42

Currently, malaria control in urban African settings consist
mainly of early diagnosis and prompt treatment, and the pro-
motion of ITNs. We propose to strengthen these programs
and include environmental management as a key feature for
sustainable mitigation of the burden of malaria in urban Af-
rica. Interventions that consider the different facets of the
urban environment have the potential to be broadly appli-
cable and affect the health of many inhabitants.43

To provide effective and sustainable malaria control to the
urban population of Africa will require massive commitment
at national and international levels. Operational constraints
such as supply, delivery, or logistics have to be carefully con-
sidered to secure long-lasting effective malaria control pro-
grams. Private-public partnerships, strategic investments in
capacity building, training of national professional and auxil-
iary staff, health education of the community, and participa-
tion are equally important parts of successful integrated con-
trol programs. Careful planning in the design and implemen-
tation of interventions is paramount since environmental risk
factors and malaria transmission depend upon locality. Fur-
thermore, a sound knowledge base of the bionomics of the
key malaria vectors and ongoing monitoring of breeding sites
and their changes over time is of pressing necessity for the
implementation of readily adapted environmental manage-
ment interventions. Disease risk mapping produced with high
spatial resolution imagery can provide an initial basis for
identifying and analyzing the determinants of malaria risk,
which has been demonstrated in an urban malaria control
program in Dar es Salaam between 1988 and 1996.44 Pursuing
this approach will also ensure that particular attention is paid
to highly vulnerable and most disadvantaged urban environ-
ments, where the risk of disease-associated morbidity and
mortality is highest, and where people are in most need.

In-depth studies are currently underway in the cities of
Abidjan (Côte d’Ivoire), Cotonou (Benin), Dar es Salaam
(Tanzania), Douala (Cameroon), and Ouagadougou
(Burkina Faso) to develop and validate new approaches for
rapid appraisal of malaria risk. These studies will facilitate the
development and implementation of sound malaria control
that will be of relevance for the entire sub-Saharan Africa.
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